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ABSTRACT 


Isotopic  tracer  diffusion  studies  have  been  performed  on  the  perovskite  composition 

Lao.2i75Pro.2i75Bao.i45Sr0.4Feo.8Coo.203-5  to  obtain  the  diffusion  and  surface  exchange  coefficients  for 

oxygen.  This  material  has  been  identified  as  a  highly  active  electrocatalytic  cathode  for  intermediate 

temperature  solid  oxide  fuel  cells.  The  oxygen  diffusion  coefficients  obtained  in  the  450—650  °C 

temperature  range  are  higher  than  the  ones  measured  for  most  of  the  cathode  materials  reported  in  the 

literature  and  they  agree  with  those  calculated  from  electrochemical  impedance  spectroscopy 

,  ,  measurements  performed  on  symmetrical  cells. 
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1.  Introduction 

Solid  oxide  fuel  cells  (SOFCs)  are  nearing  the  end  of  their  devel¬ 
opment  phase,  however,  there  are  still  significant  problems  to  be 
overcome  concerning  cost  reduction  and  long  term  durability  before 
full  commercialisation  can  be  achieved.  A  reduction  of  the  operating 
temperature  of  the  device  is  one  way  to  ameliorate  these  problems, 
most  of  which  are  exacerbated  by  the  very  high  temperatures  (circa 
1000  °C)  of  earlier  generations  of  SOFCs.  When  decreasing  the 
operation  temperature  below  700  °C  (often  known  as  Intermediate 
Temperature  SOFCs  or  IT-SOFCs),  the  performance  of  the  SOFCs 
seems  to  be  critically  influenced  by  the  cathode  electrochemical 
characteristics  [1  ]  and  thus  new,  active  cathode  materials  are  needed 
to  retain  high  performance  at  these  lower  temperatures.  One 
approach  to  the  discovery  of  new  materials  is  by  combinatorial 
methods  and,  in  an  earlier  work,  some  multi-element  compositions 
with  electrode  resistances  several  orders  of  magnitude  lower  than 
Lao.58Sro.4Feo.8Coo.2O3 -5  (LSFC)  [2]  were  discovered  with  rather  low 
apparent  activation  energies.  These  new  multi-element  cathodes, 
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namely  the  (La-Pr-Sm-Ba)o.58Sr0.4Feo.8Coo.203_<5  system,  combine, 
on  the  same  lattice,  lanthanum,  praseodymium,  samarium  and/or 
barium  with  strontium,  iron  and  cobalt.  The  multi-element  compo¬ 
sitions  with  the  lowest  cathode  polarization  resistance  had 
comparatively  high  oxygen  diffusion  and  surface  exchange  coeffi¬ 
cients,  as  shown  by  the  parameters  obtained  from  electrochemical 
impedance  spectroscopy  (EIS)  modelling  [3]. 

In  this  work,  the  oxygen  transport  parameters  estimated  by  EIS 
on  the  La0.2i75Pro.2i75Bao.i45Sr0.4Feo.8Coo.203-«5  composition  have 
been  compared  with  those  obtained  by  means  of  oxygen  isotopic 
exchange  measurements  and  SIMS  depth  profiling  using  Time-of- 
Flight  Secondary  Ion  Mass  Spectrometry  (ToF-SIMS)  analysis. 

2.  Experimental 

Sintered  ~  3  mm  thick  pellets  made  of  pressed 
La0.2i75Pro.2i75Bao.i45Sro.4Feo.8Coo.203-5  perovskite  powders  were 
obtained  after  calcination  at  1300  °C  for  12  h.  The  initial  powder  was 
obtained  by  the  Pechini  method  [4]  after  calcination  at  1000  °C.  Phase 
purity  was  checked  by  X-Ray  diffraction  in  a  PAN’Alytical  CUBIX 
equipment.  Secondary  Electron  Microscopy  (SEM)  imaging  was  per¬ 
formed  on  a  JEOLJSM6300  microscope. 
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Fig.  1.  Powder  XRD  pattern  of  the  LPBSFC  perovskite  showing  a  pure  cubic  single 
phase  (peaks  indexed)  both  after  synthesising  at  1000  °C  (a)  and  after  densification  at 
1300  °C  (b).  A  SEM  image  of  a  cross-section  of  a  dense  pellet  is  shown  in  the  inset. 

Clean  sintered  samples  polished  down  to  a  0.25  pm  finish  were 
placed  in  a  quartz  tube  for  the  oxygen  isotopic  exchange.  The 
description  of  the  exchange  rig,  the  Isotope  Exchange  Depth  Profile 
(IEDP)  method  and  the  sample  preparation  can  be  found  in 
Ref.  [5-8].  Prior  to  the  180  exchange  the  samples  were  pre¬ 
annealed  in  research  grade  oxygen  1602  (99.9995%)  at  high 
temperature  (900  °C)  for  2  h  and  then  under  the  same  conditions  as 
the  subsequent  isotopic  exchange  (450-650  °C  temperature 
range).  In  all  cases  the  water  vapour  content  of  the  oxygen  gas  used 
was  very  low  ( ~  1  to  2  vppm). 

Time-of-Flight  SIMS  analyses  have  been  carried  out  on  an  Ion 
ToF-SIMS  5  machine  (ION-TOF  GmbH,  Munster,  Germany)  by  using 
a  Bi+  Liquid  Metal  Ion  Gun  (LMIG)  primary  gun  (2  kV)  and  a  Cs+ 
second  ion  gun  for  sputter  removal.  The  data  were  obtained  by 
burst-mode  operation  with  eight  peaks  and  measuring  the  negative 
secondary  ion  mass  spectrum.  ToF-SIMS  data  analysis  was  per¬ 
formed  using  ION-TOF  software. 
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3.  Results  and  discussion 

In  spite  of  the  number  of  elements  present  in  the 
Lao.2i75Pro.2i75Bao.i45Sro.4Feo.8Coo.203-<5  material  (hereinafter 
abbreviated  as  LPBSFC),  a  single  cubic  perovskite  phase  can  be 
obtained  after  a  firing  step  at  1000  °C,  as  shown  in  the  diffraction 
pattern  in  Fig.  la.  Furthermore,  after  densification  at  1300  °C,  the 
same  perovskite  structure  is  still  maintained  (Fig.  lb).  The  XRD 
pattern  in  Fig.  lb  has  been  obtained  from  sintered  pellets  which 
were  subsequently  pulverised  for  the  X-ray  measurement.  The 
narrower  diffraction  peaks  obtained  after  the  higher-temperature 
treatment  can  be  attributed  to  the  presence  of  larger  grains. 
LPBSFC  showed  high  temperature  structural  stability  since  no  other 
phase-related  peaks  appeared  after  heating  to  1300  °C  (Fig.  lb).  In 
addition,  it  was  possible  to  obtain  very  dense  samples  of  LPBSFC 
material,  as  can  be  seen  in  the  SEM  cross-section  image  of  sintered 
pellets  (inset  in  Fig.  lb).  Thus  this  material  could  also  be  fabricated, 
for  instance,  as  a  membrane  for  oxygen  separation  [9].  The  density 
of  the  bulk  material  is  high  enough  to  allow  measurement  by  the 
isotopic  exchange  technique  despite  to  the  fact  that  these  samples 
possess  some  closed  porosity  (<3  pm  in  diameter). 

In  order  to  measure  the  exchange  and  diffusion  properties  of 
the  LPBSFC  material  1802l1602  exchanges  were  carried  out  at  five 
different  temperatures  in  the  450-650  °C  range  on  polished  dense 
samples.  The  samples  were  then  cut  into  half  and  the  cut  faces 
normal  to  the  original  surface  were  polished  prior  to  SIMS  anal¬ 
ysis.  The  secondary  ion  signals  for  all  the  elements  of  the 
Lao.2i75Pro.2i75Bao.i45Sro.4Feo.8Coo.203-<5  material  were  monitored 
(as  XO  ions),  in  addition  to  the  180-  and  160-  signals.  By  using 
the  imaging  method,  sampling  large  areas  and  delimiting  the  180“ 
concentration  profile  calculation  to  pore-free  regions,  the  influ¬ 
ence  of  closed  porosity  has  been  excluded.  As  an  illustration  of 
a  typical  oxygen  diffusion  profile  in  a  LPBSFC  pellet,  the  180” 
surface  map  measured  for  the  sample  exchanged  at  553  °C  for 
1576  s  is  shown  in  Fig.  2a.  From  these  maps,  and  the  corre¬ 
sponding  maps  for  the  16CT  signal,  normalised  isotopic  fraction 
depth  profiles  can  be  readily  obtained.  By  fitting  these  measured 
and  normalised  isotopic  concentration  profiles  to  the  solution  to 
the  diffusion  equation  for  a  semi-infinite  solid  [10]  (Eq.  (1)),  the 
oxygen  tracer  diffusion  (D*)  and  surface  exchange  (/<*)  coefficients 
can  be  obtained: 


Fig.  2.  (a)  A  false  colour  180  surface  map  of  a  selected  pore-free  region  for  the  LPBSFC  sample  exchanged  at  553  °C.  The  original  surface  exposed  to  the  1802  gas  is  shown  at  the  lower 
part  of  the  diagram  at  height  of  ~  10  pm.  (b)  A  normalised  180  depth  profile  obtained  from  the  same  sample.  The  solid  line  is  a  best  fit  to  Eq.  (1). 
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(1) 

where  c\x)  is  the  normalized  180  isotopic  concentration  calculated 
from: 


c'(x) 


c»  -  cbg 


(2) 


where  c*  is  the  180  fraction,  c£g  is  the  natural  1802  isotopic  (back¬ 
ground)  abundance  (0.2%)  and  c*  is  the  1802  gas  isotopic  fraction 
(24.4%)  measured  on  a  clean  Si-surface  which  had  been  previously 
oxidised  in  the  1802  enriched-gas.  As  described  in  Ref.  [5]  the  180 
fraction  c*  was  calculated  as: 


c*  =  [180]  =  EfJV/8 

[180] +  [160]  EfNl8  +  kNl6  1  ; 

where  is  the  number  of  counts  contained  within  the  ith  peak  of 
the  k  M0  burst  peaks  (/<  was  set  to  8).  The  correction  presented  in 
Ref.  [11]  has  been  used  for  the  isotopic  exchange  time  calculation. 
After  fitting  the  normalised  180  profile  data  obtained  from  the  ToF- 
SIMS  measurements  on  the  treated  samples,  the  oxygen  tracer 
diffusion  (D*)  and  surface  exchange  (/<*)  coefficients  for  each 
temperature  have  been  calculated.  The  D*  and  k*  values  obtained 
for  each  one  of  the  measured  regions  on  the  exchanged  samples  are 
detailed  in  Table  1  together  with  the  temperatures  and  exchange 
times  used  for  the  IEDP  experiments.  As  an  example,  for  the  sample 
exchanged  at  553  °C  the  normalised  180  profile  of  a  pore-free 
selected  region  and  its  fit  to  the  solution  to  the  diffusion  equation 
are  plotted  together  in  Fig.  2b,  from  which  a  D*  value  of 
5.52  x  1CT9  cm1 2  s-1  and  a  k*  value  of  1.30  x  10  7  cm2  s-1  were 
determined.  In  Fig.  3  the  D*  and  /^obtained  values  for  the  LPBSFC 
material  (inverted  solid  triangles  (cyan))  are  plotted  together  with 
literature  values  for  other  state-of-the-art  cathode  materials,  also 
obtained  by  the  Isotope  Exchange  Depth  Profile  (IEDP)  technique. 
For  simplicity  at  each  temperature  the  mean  D*  and  k*  values  have 
been  plotted  together  with  their  error  bars  taking  into  account  the 
values  obtained  for  all  the  measured  areas. 

Fig.  3a  shows  that  the  diffusion  coefficient  D*  values  for  LPBSFC 
fit  well  to  a  linear  slope  in  the  Arrhenius  plot  with  an  activation 
energy  of  1.41  ±0.17  eV,  which  confirms  the  accuracy  of  the  diffu- 
sivity  values.  The  diffusion  coefficients  obtained  for  this  multi¬ 
element  material  are  higher  than  most  of  the  previously  studied 
materials,  i.e.,  Lao.eSro^Feo.sCoo^C^  (LSFC)  [12],  Lao.eSro^CoC^ 
(LSC)  [13],  La2Ni04+(5  (LNO)  [14]  and  GdBaCo205+«5  (GBCO)  [15]  and 
they  are  comparable  to  those  reported  for  Bao.5Sro.5Coo.8Feo.203-<5 


Table  1 

Oxygen  diffusion  and  surface  exchange  coefficients  obtained  from  the  fit  (including 
uncertainties)  for  all  the  areas  measured  together  with  the  temperatures  and 
exchange  times  used  for  each  of  IEDP  experiment. 


Temperature 

(°C) 

Exchange 
time  (s) 

D*  (cm2  s"1) 

k*  (cm  s-1) 

458 

3448 

1.54  ±  1.08  x  10"11 

5.47  ±  1.44  x  lO"10 

2.04  ±0.80  x  10~10 

1.03  ±0.15  x  10~9 

482 

1717 

7.73  ±0.85  x  lO"10 

8.10  ±  0.34  x  10"8 

1.02  ±  0.08  x  10-9 

1.10  ±0.03  x  10"7 

9.00  ±0.81  x  lO"10 

1.20  ±  0.04  x  10"7 

9.12  ±1.48  x  lO"10 

1.32  ±0.08  x  10~7 

553 

1576 

5.52  ±0.61  x  10~9 

1.30  ±0.05  x  10"7 

600 

1574 

1.07  ±0.57  x  10"8 

1.01  ±0.20  x  10"8 

1.30  ±0.17  x  10"8 

2.79  ±  0.14  x  10  s 

646 

727 

2.82  ±1.15  x  10"8 

2.56  ±0.39  x  10"8 

(BSCF)  [16]  and  PrBaCo205+5  (PBCO)  [17]  materials  (Fig.  3a).  The 
large  diffusivity  values  of  La0.2i75Pro.2i75Bao.i45Sr0.4Feo.8Coo.203-5 
with  respect  to  Lao.eSro^Coo^Feo.sCb-^  [12]  (its  parent  compound) 
may  be  related  to  (i)  a  higher  oxygen  vacancy  concentration,  (ii) 
higher  oxygen  vacancy  mobility  related  to  larger  lattice  parameter 
[3]  or  (iii)  to  the  formation  of  new  transport  paths  with  a  lower 
migration  energy  [18]. 

Flowever  the  k*  values  present  quite  a  large  scatter  (Fig.  3b) 
showing  values  comparable  to  other  cathode  materials  [12-17]  for 
the  temperatures  482  and  553  °C,  but  much  lower  values  for  the 
other  three  temperatures  458,  600  and  646  °C.  Scatter  in  the 
surface  exchange  coefficient  measurements  is  rather  common,  as 
the  oxygen  exchange  rate  strongly  depends  on  the  chemical  state  of 
the  outermost  layer  of  the  material,  and  this  can  be  influenced  by 
the  history  of  the  sample  and  by  the  equilibrium  state  at  each 
temperature.  To  date  the  factors  governing  the  oxygen  exchange 
behaviour  are  not  well  understood.  In  order  to  elucidate  the  origin 
of  the  differences  further  work  and  surface  specific  experiments  are 
in  progress. 

In  a  previous  publication  [3]  LPBSFC  was  identified  as  a  material 
with  a  high  electrocatalytic  activity  for  oxygen  reduction,  due  to  the 
relatively  high  oxygen  surface  exchange  and  diffusion  coefficients. 
These  results  were  based  on  the  values  obtained  from  modelling 
the  electrochemical  impedance  spectroscopy  measurements,  per¬ 
formed  on  the  same  LPBSFC  electrode  material,  and  extracting  the 
Gerischer  parameters  {kG  and  Z0)  [3].  These  pseudo-coefficients 
calculated  in  Ref.  [3]  cannot  be  taken  as  absolute  oxygen  surface 
exchange  and  diffusion  coefficients,  but  they  served  for  a  qualita¬ 
tive  comparison  between  materials. 

It  is  possible,  however,  to  make  a  quantitative  comparison  of  the 
diffusion  and  surface  exchange  coefficients  obtained  in  this  work 
from  the  IEDP  measurements  with  those  obtained  in  the  previous 
work  [3]  by  using  the  definition  of  the  Gerischer  parameters1  given 
in  Ref.  [19].  The  parameters  derived  from  the  EIS  modelling  were 
obtained  from  a  porous  LPBSFC  cathode  applied  on  both  sides  of 
a  dense  Ceo.8Gdo.2O2-*  electrolyte  and  sintered  at  1060  °C  for  2  h. 
To  obtain  values  of  the  porosity  (e),  tortuosity  (t),  surface  area 
density  (A),  thermodynamic  factor  (T)  and  oxygen  ion  and  vacancy 
concentration2  (q  and  cv)  for  LPBSFC  it  was  assumed  that  these 
would  be  the  same  as  the  mean  values  for  the  closely  related 
Lao.58Sr0.4Coo.2Feo.803_,5  perovskite  material  given  in  Ref.  [20],  due 
to  the  fact  that  the  sintering  conditions,  oxygen  stoichiometry  and 
fabrication  procedure  are  almost  the  same.  These  oxygen  ion 
diffusion  and  surface  exchange  coefficients  (D,-  and  /q)  calculated 
from  the  EIS  fitting  can  be  directly  compared  to  the  IEDP-tracer 
(D*and  /<*)  coefficients  [21]  since  LPBSFC  is  an  electron-rich 
perovskite  material  [22,23],  and  they  are  shown  in  Fig.  3. 

Both  the  ElS-derived  oxygen  ion  diffusion  and  surface  exchange 
coefficients  are  slightly  different  to  those  obtained  from  the  IEDP 
experiments  (normal  (blue)  and  inverted  (cyan)  triangles  in  Fig.  3, 
respectively),  with  the  difference  for  the  surface  exchange  coeffi¬ 
cient,  k,  being  the  most  marked.  The  possible  reasons  for  this  larger 
difference  for  k  could  be  due  to  a  number  of  factors.  All  the 
geometric  and  lattice  parameters  have  been  taken  from  the  liter¬ 
ature  [20]  and  correspond,  as  previously  indicated,  to  mean  values 
for  the  composition  Lao.ssSro^Coo^Feo.sC^-^  (which  is,  in  fact,  the 
parent  composition  for  Lao.2i75Pto.2i75Bao.i45Sro.4Feo.8Coo.203-<5 
with  A-site  substitution)  and  are  hence  thought  to  be  reliable.  As 
a  simplification  the  thermodynamic  factor,  oxygen  ion  and  vacancy 
concentration  (pCVdependent  parameters)  have  been  kept 
constant  with  temperature  over  this  limited  temperature  regime. 


1  kG  =  (rAkiCi)/(( l-e)cv)  andZo  =  (RT)/(2qF2)  V(Ftc,-)/((1  -  e)CvDf). 

2  cv  =  cmc  -  c0  and  q  =  c0  with  the  nomenclature  defined  in  [20]. 
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Fig.  3.  Arrhenius  plot  of  diffusion  (a)  and  surface  exchange  (b)  coefficients  for  the  LPBSFC  material.  Values  obtained  from  isotopic  exchange  experiments  (this  work)  are  shown  as 
inverted  triangles  (cyan)  and  are  compared  with  other  IEDP  data  from  the  literature  for  other  cathode  materials:  La0.6Sro.4Feo.8Co0.203-<5  (LSFC)  [12],  Bao.sSro.sCoo.gFec^Os-s  (BSCF) 
[16],  Lao.6Sr0.4Co03_«5  (LSC)  [13],  La2Ni04+(5  (LNO)  [14]  and  GdBaCo205+5  (GBCO)  [15],  and  finally  those  obtained  from  EIS  measurements  [3]  are  shown  as  regular  triangles  (blue). 
(For  interpretation  of  the  references  to  colour  in  this  figure  legend,  the  reader  is  referred  to  the  web  version  of  this  article.) 


What  is  not  known,  and  is  quite  probable,  is  that  microstructural 
differences  could  exist  and  are  thus  though  to  be  the  most  likely 
source  of  the  discrepancy. 

For  the  D  values,  although  there  is  some  discrepancy  in  the 
absolute  values,  it  is  much  smaller  than  that  observed  for  k.  The 
activation  energy  for  the  ElS-derived  Dz  coefficient  (1.24  eV)  is  close 
to  the  value  calculated  from  the  IEDP  coefficients  (1.41  ±  0.17  eV),  as 
can  be  seen  in  Fig.  3a.  This  reinforces  the  conclusion  that  the  high 
oxygen  diffusion  coefficients  obtained  from  IEDP  measurements  for 
dense  LPBSFC  material  are  in  good  agreement  with  those  obtained 
from  EIS  measurements  on  porous  LPBSFC  cathodes,  given  the 
possible  errors  discussed  above. 

The  high  scatter  of  the  k*  (IEDP)  coefficient  values  does  not 
allow  a  direct  comparison  with  all  the  Iq  (EIS)  values  (Fig.  3b). 
Nevertheless,  for  the  intermediate  temperatures  482  and  553  °C 
the  differences  between  the  two  sets  of  values  are  the  smallest 
and  of  the  same  order  of  magnitude  as  those  observed  for  the 
diffusion  coefficients  (Fig.  3a).  This  indicates  that  the  LPBSFC 
material  might  show  high  oxygen  surface  exchange,  as  proposed 
earlier  in  Ref.  [3]:  where  the  improvement  is  principally  ascribed 
to  the  basicity  of  Ba  cations  and  the  redox  properties  of  Pr.  More 
detailed,  surface  specific,  experiments  are  being  carried  out  to 
elucidate  the  cause  of  the  large  scatter  in  the  LPBSFC  k*  values.  In 
addition  to  the  parametric  assumptions  made  for  the  calculation 
of  the  ElS-derived  Dz  and  Iq  coefficients,  another  factor  affecting 
the  comparison  of  the  surface  exchange  coefficients  could  be  the 
differences  in  the  fabrication/temperature  history  for  the  IEDP 
and  EIS  samples.  This  could  have  a  strong  influence  in  the  surface 
state  and  composition  and,  as  consequence,  in  the  oxygen  surface 
exchange  kinetics. 

4.  Conclusions 

Oxygen  tracer  experiments  have  been  carried  out  in  order 
to  corroborate  the  promising  electrochemical  properties 
for  oxygen  activation  of  the  low  barium-containing 
La0.2i75Pro.2i75Bao.i45Sro.4Fe0.8Coo.203-«5  perovskite  previously 
determined  by  electrochemical  impedance  spectroscopy 
measurements.  1802/1602  isotopic  exchange  has  been  performed  on 
Lao.2i75Pro.2i75Bao.i45Sro.4Feo.8Coo.203-5  samples  at  different 
temperatures.  By  fitting  the  normalised  isotopic  concentration  data 
the  oxygen  diffusion  and  surface  exchange  coefficients  have  been 
obtained.  Compared  to  the  data  reported  for  similar  state-of-the- 


art  cathode  materials,  the  La0.2i75Pro.2i75Bao.i45Sr0.4Feo.8Coo.203-5 
composition  presents  one  of  the  highest  oxygen  diffusion  coeffi¬ 
cients.  In  addition,  these  values  and  the  corresponding  activation 
energy  of  the  process  are  in  agreement  with  those  calculated  from 
the  Gerischer  parameters  obtained  by  fitting  electrochemical 
impedance  spectroscopy  data  from  electrode  materials  of  the  same 
composition. 

On  the  other  hand,  the  tracer  surface  oxygen  coefficients  obtained 
present  a  large  scatter,  the  origin  of  which  is  the  subject  of  a  further 
in-depth  study.  The  values  obtained  for  two  intermediate  tempera¬ 
tures  (482  °C)  are  comparable  to  those  reported  for  other  perovskite 
materials  and  they  also  show  limited  agreement  with  those  obtained 
from  the  EIS  modelling  of  porous  LPBSFC  electrodes.  The  surface 
exchange  coefficients  obtained  from  the  EIS  measurements  are 
larger  than  those  obtained  by  the  isotopic  exchange  method,  which 
can  be  explained  by  differences  between  real  and  estimated  cathode 
microstructural  parameters  and  thermal  sample  history. 

In  summary,  the  La0.2i75Pro.2i75Bao.i45Sro.4Feo.8Co0.203-5  perov¬ 
skite  has  been  shown  to  display  high  oxygen  ion  diffusion  as 
determined  by  means  of  oxygen  isotopic  exchange  measurements. 
The  oxygen  surface  exchange  rate  show  considerable  scatter,  but  for 
two  of  the  measured  temperatures  (482  and  553  °C)  these  seem  to 
be  comparable  to  other  state-of-the-art  cathode  materials.  These 
results  are  in  agreement  with  previous  results  showing  the  prom¬ 
ising  electrocatalytic  properties  (low  polarization  resistance)  of 
Lao.2i75Pro.2i75Bao.i45Sro.4Feo.8Coo.203-<5  electrodes.  This  reinforces 
the  relevance  of  using  the  new  multi-element  analysis  [2]  for 
discovering  new  electrode  materials  and  the  suitability  of  the 
Lao.2i75Pro.2i75Bao.i45Sro.4Feo.8Coo.203-<5  material  for  IT-SOFC 
cathode  and  oxygen  membrane  applications. 
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